A 49-year-old maintenance worker with a history of depression and previous reports of minor back pain is seen after four months of continuing low back pain. He has remained out of work for fear of worsening the injury. Magnetic resonance imaging (MRI) two weeks after the onset of pain showed only mild degenerative changes in the lumbar region without spinal stenosis or disk collapse or extrusion. How should this patient be evaluated and treated?
jects. 10, 12, 13 Furthermore, in prospective studies of subjects with no or trivial low back pain who underwent MRI, neither baseline MRI findings nor changes over time were useful predictors of the subsequent development of low back pain. 6, 7, 14, 15 MRI or radiography early in the course of an episode of low back pain do not improve clinical outcomes or reduce costs of care. 16 MRI is best used to rule out the possibility of impending neurologic injury, infection, or tumors. Appropriate candidates for MRI include patients with low back pain who have associated neurologic symptoms or signs; associated systemic symptoms; risk factors for cancer, infection, or occult fractures; or persistent pain in the absence of neurologic signs or symptoms after four to eight weeks. Patients should understand that the reason for imaging is to rule out these serious conditions, and that common degenerative findings are expected. Ill-considered attempts to make a diagnosis on the basis of imaging studies may reinforce the suspicion of serious disease, magnify the importance of nonspecific findings, and label patients with spurious diagnoses.
other diagnostic techniques
Among patients with persistent disabling low back pain, there are no characteristic findings on physical examination or standard imaging. Therefore, attempts have been made to use provocative injections and anesthetic blockade to identify a hypothetical primary symptomatic structure ("pain generator"). One test used by some clinicians to direct invasive therapy is provocative diskography, which involves injecting dye into an intervertebral disk. Proponents of the test suggest that if injection into a disk reproduces a patient's usual low back pain, Herniation of the lumbar disk, as shown in Panel A, is found in 25 to 50 percent of asymptomatic subjects; extrusion of the disk material is found in 1 to 18 percent. Degeneration of the lumbar disk, shown in Panel B, increases with age and is found in 25 to 70 percent of asymptomatic subjects. Signal changes in the vertebral end plates (Panel C, arrows) are found in 10 percent of asymptomatic subjects; severe changes are found less frequently. Panel D shows a disk with a bright signal in the annular fissure. This represents degenerative changes that are found in 14 to 33 percent of asymptomatic subjects. Despite the high prevalence in healthy persons, these findings are often described as causing serious low back pain and are treated with spinal fusion.
then that disk must be the cause of the patient's pain. However, injection into a disk can simulate the quality and location of pain known not to originate from that disk. 17 Furthermore, disk injections are painful 30 to 80 percent of the time for patients who do not have symptomatic disk disease but who have had previous disk surgery or who have psychological distress, remote chronic pain, or disputed compensation claims. 18,19 A controlled study comparing outcomes of spinal fusion when diskography was or was not used in the preoperative evaluation showed no differences between groups. 20 
psychosocial factors
Psychosocial factors strongly predict future disability and the use of health care services for low back pain. Chronic disabling low back pain develops more frequently in patients who, at the initial evaluation for low back pain, have a high level of "fear avoidance" (an exaggerated fear of pain leading to avoidance of beneficial activities), psychological distress, disputed compensation claims, involvement in a tort-compensation system, or job dissatisfaction. [5] [6] [7] 21, 22 These psychosocial factors are particularly prevalent in persons with low back pain for whom imaging shows only degenerative changes; 70 to 80 percent of such patients demonstrate psychological distress on psychometric testing or have disputed compensation issues, compared with 20 to 30 percent of patients whose imaging studies reveal definite pathologic or destructive processes. 23, 24 These psychosocial factors should be routinely assessed in patients with low back pain and taken into account in decisions regarding treatment.
treatment
There is little consensus in practice about how to manage persistent disabling low back pain for which the only structural findings are nonspecific. Some clinicians have focused on the identification and treatment of an occult local "pain generator," assuming there is specific pathology in the spine that accounts for the magnitude of symptoms. However, since the same findings on imaging studies in severely symptomatic patients are commonly seen in minimally symptomatic persons, it has been suggested that psychosocial factors and factors affecting pain tolerance influence the degree of illness in patients with persistent disabling low back pain. In this approach, treatment and prevention are directed at restoring function and supporting adaptive techniques, as opposed to medically or surgically treating the common spinal changes.
pharmacologic therapy
Pharmacologic treatment of chronic low back pain usually includes analgesics, antiinflammatory drugs, and muscle relaxants, but the evidence for their efficacy is not compelling. In randomized trials, the differences in pain after a patient has taken nonsteroidal antiinflammatory agents as compared with placebo have generally been in the minimally detectable range. 25 For example, in a four-week trial involving patients with a flare of chronic back pain, 25,26 pain scores (on a 100-point scale) decreased from 75 to 35 with valdecoxib, and to 45 with placebo. These marginal improvements do not warrant the long-term use of cyclooxygenase-2 inhibitors for patients with chronic back pain, particularly given the new data about increased cardiovascular risk associated with their use. [27] [28] [29] Another short-term trial, with 30 patients, showed that diflunisal (Dolobid, 500 mg twice daily) was more effective in reducing chronic back pain than was acetaminophen (1000 mg four times daily), but interpretation is limited by the small sample and the recognition that there is often spontaneous variation in levels of back pain. 25 Muscle relaxants may also alleviate pain only moderately. In a pooled analysis of two randomized trials involving 222 subjects, treatment with tetrazepam (50 mg three times daily for 14 days) resulted in a statistically significant but clinically marginal reduction in pain intensity as compared with placebo. 30 Similar results are reported with other classes of muscle relaxants (such as cyclobenzaprine), and no particular class has proved superior. Long-term treatment with narcotics or sedatives is generally discouraged, given the associated risks of tolerance and side effects. 25, 30 Antidepressant drugs, specifically tricyclic and tetracyclic drugs, have demonstrated small but consistent benefits in pain reduction in randomized trials in patients with chronic low back pain without clinical depression (a 20 to 40 percent greater reduction in pain than with placebo, during a period of four to eight weeks). 31 However, there were no consistent or substantial functional improvements, and side effects occurred in more than 20 percent of subjects (Table 1) . 47 Selective serotonin-reuptake inhibitors and trazodone have not been more effective than placebo in patients with chronic low back pain. 31 
nonpharmacologic therapy
Exercise seems to increase the rate of return to normal activities in patients with persistent low back pain. A Cochrane review of randomized trials of various exercises for persistent low back pain, including strengthening, general stretching, the McKenzie method of passive end-range stretching exercises, and conventional physical therapy (consisting of hot packs, massage, and stretching, flexibility, and coordination exercises), showed that these strategies appeared equivalent and seemed to be more effective than the usual care by a general practitioner. 33 In general, exercise programs, such as two or three one-hour sessions a week until normal activities are resumed, in four to six weeks, have moderate effects -10 to 15 points on a 100-point pain scale, or a 5 to 10 percent improvement on scales that assess functional disability, as compared with placebo or usual care. 33, 36 Similarly, randomized trials and systematic reviews have not shown a clear advantage of any particular treatment method over another, including physical therapy, exercise, massage, manipulation by chiropractors or other practitioners of manual medicine, low-impact aerobics, reconditioning on training machines, or back school (classroom-style educational programs for patients with back pain) ( Table 1) . 32, 34, 48, 49 * Side effects of these antidepressants at dosages of 50 to 150 mg per day include blurred vision, dizziness, dry mouth, tremor, and urinary retention. Trazodone and selective serotonin-reuptake inhibitors have not been effective in trials of patients with chronic low back pain. Spinal-fusion surgery Possible efficacy in patients with isolated one-or two-level spondylosis and few or no coexisting factors for chronic pain (e.g., disputed compensation issues, psychological distress, or other types of chronic pain) 42, 43 No better results in patients with multiple coexisting factors than aggressive nonoperative management Outcomes that rarely meet the expectations of the patients when coexisting factors are present 6, 19, [43] [44] [45] [46] Available data suggest that a combination of medical care with either physical therapy 49 or manipulation 35 may be moderately more effective in reducing pain and self-rated disability than is a single method of treatment. The difference may reflect the patient's confidence in the treatment prescribed. In a trial comparing chiropractic care with medical care with and without physical therapy, the patient's initial confidence in the assigned treatment correlated directly with outcome, whereas the treatment assignment per se did not. 49, 50 At the other extreme, patients with persistent pain should avoid rest or confinement to bed. 51 Given the marginal effect on functional outcomes of most of these interventions when used alone, and given the evidence that psychosocial factors may be important obstacles to recovery, more comprehensive approaches have been developed. Functional restoration programs incorporate physical therapy and medical treatment strategies with a cognitive behavioral approach that focuses on achieving specific functional goals (e.g., certain walking distances and speeds or certain weights lifted and numbers of repetitions). These programs, as compared with usual care by a general practitioner, also seem to decrease the amount of sick leave taken. 37, 38, 44, 45, 52 However, none of these methods of rehabilitation have consistently been shown to have generalized applicability (partly because of compliance issues in distressed patients), and it is unknown if effects are sustained for the long term. 28 Neither less intensive rehabilitation programs, especially those not accompanied by a strong component of behavioral therapy, nor pain-management programs relying on spinal injections and analgesic drugs seem to offer clear advantages over usual care for improving functional outcomes. 38 
injections and neuroablation procedures
Invasive treatments and surgery account for a high proportion of expenditures among patients with chronic low back pain, although there are enormous variations in usage according to geographic region. Despite their widespread use, these techniques have not been shown to be particularly effective among patients with chronic low back pain.
In randomized trials, injections of glucocorticoids or anesthetic agents into the epidural space, lumbar disks, lumbar facets, and trigger points have not improved outcomes in patients who have chronic low back pain without radiculopathy, 53-55 nor have injections of sclerosing agents into the lumbar fascia. 56, 57 Radiofrequency ablation of the small nerves to the facet joints was ineffective in one randomized trial 39 and showed a moderate effect (6 percent improvement in disability scores), which lasted only four weeks, in another. 40 Although data are insufficient, some authors have suggested a possible benefit of neuroablation of the facet joint in the extremely small subgroup of patients with chronic low back pain who respond to placebo-controlled anesthetic blocks. 41, 58 Percutaneous treatments directed at altering the internal mechanics or innervation of the disk by heat (intradiskal electrothermal treatment) or radiofrequency energy have been used, but data supporting their use are lacking. Recent randomized trials have shown either no effect 59,60 or a benefit in only a small proportion of highly selected subjects. 61 
surgery
The role for the surgical treatment of persistent disabling low back pain remains controversial. 62 Laminectomy is generally not performed in the absence of radiculopathy or cauda equina syndrome. Excision of a prolapsed disk is sometimes performed, but there are no controlled studies to support the use of this technique.
The most common surgical treatment for persistent low back pain with degenerative changes is spinal fusion. A small randomized trial (64 patients) compared spinal-fusion surgery with an aggressive rehabilitation program. The rehabilitation program used a cognitive behavioral approach among patients with chronic back pain and degenerative changes on imaging. The study showed no differences between groups at one year in back pain, function, use of medication, work status, or general satisfaction. After one year, 22 percent of patients in the fusion group returned to work, as compared with 33 percent of those in the rehabilitation group. 45 A larger trial (294 patients) 42 showed a greater decrease in the level of back pain and a greater improvement in function after two years among patients who had spinal-fusion surgery as compared with those assigned to an unstructured physical therapy program (excellent outcomes in 16 percent vs. 2 percent, respectively). The study showed no clear benefit of fusion five years after surgery.
The likelihood that spinal-fusion surgery will be beneficial for common degenerative changes may be improved by selecting patients without coexisting psychosocial disorders (including serious psy-chological distress or disputed compensation issues) or other chronic pain, and those with severe degenerative changes (for example, severe disk collapse). 10, 17, 42 However, even for these patients, the results of spinal fusion (excellent results in 30 to 50 percent) are inferior to results of the same surgery for definitive pathologic conditions (such as unstable spondylolisthesis). 43 The goals and expectations of the patient should be addressed when making decisions about treatment. 63 Educating patients regarding the limitations and risks of various treatment options is particularly important for more invasive treatments, for which expectations are often unrealistic. In a study of patients awaiting spinal fusion for presumed diskogenic pain, more than 90 percent indicated that an acceptable outcome would include, at a minimum, a return to some gainful employment, discontinuation of narcotic medications, and a high level of physical functioning. 46 Such results are uncommon after surgery in patients with persistent disabling back pain. [42] [43] [44] [45] 60, 61 Attempts to arrest or reverse disk degeneration with the use of biologic factors and gene-transfer technology are under investigation and have unknown efficacy. Similarly, the efficacy of injection or surgical implantation of materials to augment disk function or mechanical stability is unproven, although such techniques are being performed. An unblinded study of disk replacement as compared with spinal fusion showed similar outcomes at 6 months of follow-up, as well as at 12 months. 64 Longer follow-up is needed to assess the failure rates of these techniques over time, and only a small minority of patients may be appropriate candidates. 65 An Australian study indicated that a television campaign advising people with back pain to stay active and keep working reduced work-injury claims and medical expenses. 66 This suggests that public health initiatives may help prevent episodes of low back pain from becoming chronic and disabling; more research is warranted.
International guidelines for the treatment of chronic low back pain consistently encourage patients to become active early and gradually; they also encourage consideration of psychosocial factors as risk factors for chronicity. 67 These guidelines, and the North American Spine Society guidelines for unremitting low back pain, 68 do not recommend any one pharmacologic or nonpharmacologic method of treatment over another. The guidelines of the North American Spine Society suggest that surgery be considered only after a two-to-four-month trial of nonoperative measures and only when there are objective findings of structural defects, although the guidelines do not specify whether common degenerative findings constitute sufficient defects. Guidelines of the Washington State Medical Association, which are frequently used, recommend consideration of fusion only for demonstrable instability, deformity, or neurologic injury.
The patient described in the vignette should be reassured that no serious disease was detected on MRI and that he is not in danger of a serious neurologic injury. He should be guided to pharmacologic treatment that has limited side effects and begin an aggressive, three-to-six-week rehabilitation program with primary functional and behavioral goals. He should understand that maintaining fitness through exercise is important and should be ongoing after resolution of this episode.
On the basis of trials supporting the use of tricyclic antidepressants, I would prescribe an agent such as amitriptyline, starting at 25 to 50 mg at bedtime, and increasing the dosage as needed. If the patient has a strong preference for certain additional short-term treatments, such as spinal manipulation or massage, it is reasonable to accommodate him, especially since evidence supports better outcomes for patients who feel confident about the treatment prescribed. The patient should understand that the primary goal of treatment is to maximize function, and that some ongoing or recurrent back pain is likely but not dangerous. Accommodations should be made to resume work as soon as possible, even at a low level. In the absence of severe spinal disease or radiculopathy, surgery should generally be avoided.
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